We reduce a problem of pricing continuously monitored defaultable securities (barrier options, corporate debts) in a stochastic interest rate framework to calculations of boundary crossing probabilities (BCP) for Brownian Motion (BM) with stochastic boundaries. In the case when the interest rate is governed by a linear stochastic equation (Vasicek model) we suggest a numerical algorithm for calculation of BCP based on a piece-wise linear approximation for the stochastic boundaries. We also find an estimation of the rate of convergence of the suggested approximation and illustrate results by numerical examples.
Introduction
Practitioners often acknowledge an existence of a common problem with pricing schemes of exotic (e.g. barrier, lookback) options for the contracts with long maturities. The prices of these instruments significantly depend on an interest rate term-structure. The case of deterministic interest rates have been studied by Roberts/Shortland (1997) , ([16] ), Novikov/Frishling/Kordzakhia (1999, 2003) , ([12] , [13] , see also other references in these papers). For deterministic interest rates the pricing problem of barrier options is reduced to calculations of BCP for BM with deterministic boundaries. In Section 2 we present a modification of the algorithm from [12] and [13] to handle a general setup of stochastic interest rates. In Sections 3 and 4 we describe the numerical algorithm in details and provide an estimation for the rate of convergence of the suggested approximation as a function of number of nodes. In Section 5 the results are illustrated by numerical examples. Further we use the standard notation S t for a price of an underlying asset and r t for a default-free short interest rate. We assume that S t is a diffusion process of the form
with the log-return process Y t governed by the equation 
where W t is a standard BM with respect to a 'real-world' measure P and a filtration F t , σ is a constant volatility, µ(t) is a historical trend. Let f T be a payoff of an option at maturity T. In this paper we concentrate on two fundamental examples of payoff functions (there are many other examples that may be treated in a similar way). Case 1. The payoff of Up-and-Out European Barrier Call option is
where T is a maturity time, a first passage (default) time τ = inf{t : S t ≥ G + (t)}, G + (t) is a continuous deterministic barrier, and I{τ > T} is an indicator function. Case 2. The payoff at maturity T of a defaultable zero-coupon bond S t is
with some constants b 0 , v and λ > 0. An economic rationale behind the model is well justified by Collin-Dufresne/Goldstein (2001), ([7] ) who accounted to the fact that firms tend to decrease the time-dependent debt level b t when the return on a firm's value, in this case Y t falls below b t + v, and vice-versa. Put for convenience
The case of a constant threshold b t = b 0 (that is when λ = 0 in (1)) has been studied by Longstaff/Schwartz (1997) , ([8] It must be noted that the problem of approximating of BCP for BM with one-sided stochastic boundary has been considered by Peskir and Shiryaev (1997) [14] , Vondraĉek (2000) [17], Abundo (2003) [1] under asymptotic setting (as T → ∞ in our notation), but their results can not be used under our framework because the parameter T takes, typically, moderate values.
